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Figure S13 UV profiles of HPLC peaks matching retention time of norepinephrine............. S14 Figure S14 . HPLC-UV traces of four wavelengths used to monitor HPLC experiments........ S15 Figure S15 . Schematic of plating divided chambers ………………….……………………...... S16 Figure S16 . IMS signals from co-culture reproduced in divided chambers…………………... S17 Table S1 . Statistically and visually significant m/z signals from representative IMS runs….. S18 Table S2 . Mass error of matrix peaks in IMS runs………………………………………………. S20 Table S4 . MS/MS fragmentation error of norepinephrine standard and co-culture extract…. S22 Figure S1 . a) Side view of three conditions of cell culture in 24-well plates. 1) Cells in liquid media growing on top of an agarose and media plug. 125 µL of 2% agarose and 1X DMEM media (62.5 µL of each) is plated on the bottom of the well. Once dried, a suspension of 50K cells were plated on top of the dried agarose in 125 µL of 1X DMEM media. 2) Two agarose and media plugs surrounded a liquid cell culture. The bottom layer is 62.5 µL of the 2% agarose, 1X DMEM media mixture, the middle layer is 50K cells in 125 µL 1X DMEM media, and on top another layer of 62.5 µL of the 2% agarose, 1X DMEM media mixture.
3) Media, agarose, and cells mixed together uniformly. 125 µL of 1X DMEM containing 50K cells is mixed with 125 µL of 2% agarose.
b) Microscopy optical images from the top down of resulting plating layouts. Condition 3) proved optimal because the cells remained homogenously distributed throughout the agarose, whereas conditions 1) and 2) resulted in cellular aggregation. All of the cells in both conditions 1) and 2) pooled into the center of their respective wells instead of remaining evenly spread out. Therefore, embedding of the cells in media and agarose (Condition 3) was used for all subsequent experiments. Figure S2 . Evaluation of incubation and drying conditions. a) The 24-well plate required 300 µL of material (cells, agarose, and media) to fully coat the internal well surface. The meniscus effect was observed both prior to and post desiccation, which resulted in uneven surface height of the removed plugs, which was not compatible with the MALDI-TOF. The centers of the full wells were significantly lower in height than the raised edges on the perimeter of the wells, and therefore resulted in a loss in resolving power (created broad peaks in the spectrum). b) To combat the meniscus effect, agarose plugs were then plated using 2 mL of material in 6-well plates, whose larger internal diameter facilitated a flat center when transferred to the MALDI plate, which was compatible with MALDI-TOF. Rectangle sections were excised from the wells to ensure even sample height throughout, and because multiple full wells could not all fit onto the steel MALDI plate. Evaluation of the drying process with the 6-well excisions, however, resulted in difficulty with thorough drying. The large sections took approximately 12 hours to fully dry, which invoked flaking, or detachment, of the agarose sections from the target plate. c) The 8-well chamber facilitated the use of 300 µL of total material per chamber, but during desiccation prior to removal of the plastic chamber, the plugs stuck to the chamber instead of the glass slide. They cracked and could not be analyzed by MALDI-TOF IMS. d) Optimized incubation and drying. The same 8-well chamber was adhered to the slide and 300 µL of material was plated. Removal of the plastic chamber prior to desiccation resulted in optimized drying and incubation conditions. The 1% agarose was dense enough for the plugs to maintain their integrity and the agarose dried flat and securely onto the glass plate. Figure S3 . Matrix application using spraying techniques (artistic airbrush or HTX TM Sprayer) onto desiccated agarose plugs required less matrix and exhibited more homogenous drying than sieving onto wet agarose plugs. a) The 6-well plate center cuts absorbed all sieved matrix before desiccation and required several layers of matrix to ensure an even coating across the sample, however it was found that due to an excess of matrix added, ionization suppression of analytes from the sample were observed. b) The 6-well edges also exhibited the same behavior and the agarose absorbed matrix, resulting in wrinkled and oversaturated agarose after drying. Images display agarose after one layer of sieved matrix and one hour of drying, two layers of matrix, and overnight drying after two layers of matrix. c) The optimal matrix application process was spraying wet matrix onto desiccated agarose, as detailed in the Methods section titled 'Matrix application.' The application of 3-5 mLs of a 5 mg/mL matrix solution via HTX TM sprayer (10 mg/mL via artistic airbursh) onto the dried agarose plugs significantly decreased matrix use and resulted in no absorption issues. Figure S4 . ITO-coated glass slides allow for microscopic visualization of cell distribution prior to desiccation and matrix application. a) Agarose plugs of 166 cells/µL were excised from 6-well plates and placed onto steel MALDI plates in triplicate for desiccation prior to matrix application via an artistic airbrush. All pink agarose pieces are the same cell density, and the transparent plug is an agarose only control. Aside from failing to adhere to the steel target plate, it was impossible to verify visually that the cells had dried homogeneously throughout the agar plugs. b) Agarose plugs of 166 cells/µL were excised from 6-well plates and placed onto ITO-coated glass slides in triplicate. All pink agarose pieces are the same cell density, and the transparent piece is an agarose only control. Desiccation on glass slides facilitated microscopic verification of cell distribution. Subsequent IMS experiments used ITO-coated glass slides for plating of agarose plugs. . Figure S5 . Early cellular density trials in the 6-well plates determined mass to charge ratios could be measured at a cell density of ~166 cells/µL. Statistical analysis of the spectra measured by IMS revealed three signals with higher intensity in ~166 cells/µL compared to ~83 cells/µL (p<0.05), whereas the less dense condition displayed no signals of statistical difference. Thus wells with ~166 cells/µL would be optimal for further IMS analyses. This was supported by microscopy images of dense and homogenous cell culture for the corresponding density, which indicate that cells remained evenly distributed throughout the 3D cell culture, and are not too crowded to induce any unhealthy phenotypes. Figure S6 . A repurposed 8-well chamber was optimal for plating co-culture on glass slides. To complement the cartoon schematic depicted in Figure 1 , here are actual images of the 3D agarose plugs in the 8-well chamber, after removal of the 8-well chamber, and after desiccation in the oven. Figure S7 . The statistical software for IMS analysis (SCiLs) detected 11 signals co-localized to either the whole ovary or half organoid (p<0.05). Following manual inspection of the generated list of significantly co-localized signals, 5 were deemed to be isotopologues of the measured monoisotopic mass, or differences in signal intensity were visually imperceptible, and therefore were removed from the final list. Figure 2 and Figure S10 . Figure S12 . MS 1 spectra of standard and sample analyses. Both spectra were acquired using direct infusion. Major differences between the standard and sample in their MS 1 spectra are due to the complex background associated with an extract from the MOE PTEN shRNA /explant co-culture compared to a norepinephrine commercial standard. A) The standard spectrum (manually collected at a window of 1.3 amu) shown below displays the precursor ion of m/z 152.0705 dominating the spectrum, and was therefore selected for fragmentation for further analysis. B) The extracted sample spectrum is more complex and both the intact protonated norepinephrine peak Figure S13 . UV profiles of a) Norepinephrine standard (1mM), b) norepinephrine peak in explant/MOE PTEN shRNA co-culture extract, and c) co-injection of norepinephrine standard and explant/MOE PTEN shRN A co-culture extract. The only reported UV maximum for norepinephrine in the literature is 280 nm. Figure S14 . HPLC-UV traces from 1200 Agilent series instrument. A norepinephrine standard, extract of the explant/MOE PTEN shRNA co-culture, and co-injection of standard and extract were all detected by a DAD detector at wavelengths 210, 250, 254, and 270 nm. The major peak at 12.2 min is norepinephrine, and no other peaks are detected by any other wavelength at the same retention time. Figure S15 . Spatially separating the ovarian tissue from the FTE cells allows visualization of tissue origin of certain IMS signals. An 8-well chamber is placed on a pre-sprayed ITO-coated glass slide (A), and plastic tabs (cut free-hand) are positioned in the wells to firmly touch diagonal corners (B). First 150 µL of a media and agarose mixture is poured and an ovary is embedded close to the center (C). After a few minutes, this agarose is set and the plastic tabs are removed. On the other half of the well the cells are plated at a density of ~166 cells/µL (D). This is put in the incubator at 30°C and 5% CO2 for four days. Figure S16 . Signals reproduced from the original embedded method in Figure S9 . SCiLs could not be utilized to compare one condition to another, and the signals of interest had already been considered significant spatially. Therefore, the purpose of this experiment was to determine the source of previously identified signals. The nine signals depicted here have been detected in IMS analyses that incubate the ovary in a co-culture setting, and all signals seen here appear to be secreted by the ovary. Table S1 . A list of centroid masses identified by SCiLS lab as significant. All signals with relevant significance, according to a Pearson correlation of p<0.05, have been included. The Da error is determined by the non-centroided peak widths and in some cases, adjusted manually upon visual inspection of the raw data. These lists include isotopologues and these masses were manual removed for the visual panels (S9, S7, S10) following visual inspection to determine the monoisotopic masses from the isotopologues. Figure S10 . This search provides strong evidence that norepinephrine could be the detected metabolite. 
